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The public health emergency known as the coronavirus disease 2019 (COVID-19), caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has led to a large number of deaths worldwide and
major socioeconomic disruption. To date, no broadly effective antiviral treatment or vaccine has been
developed for COVID-19. In response to this dire situation, Ro5 deployed its Al Lab to accelerate the search
for potential treatments. This report focuses on our use of the Ro5 Bioactivity model, which has been designed
to predict the inhibitory activity of small molecules against protein targets. The model screened a vast range of
compounds in silico to uncover potential inhibitors of the SARS-CoV-2 3CL protease. We hereby present the
most propitious candidates from this screen. The highest-ranking molecules include Nelfinavir, Saquinavir,
Itacitinib, Kynostatin-272, BOG-INS-6¢2-1, and BEN-VAN-d2b-11. Subsequent docking simulations
corroborate their plausibility as 3CLpro inhibitors. Nelfinavir and Itacitinib hold the most promise for drug
repurposing, among all the molecules proposed herein, due to their high predicted inhibition and affinity
against the 3CL protease, favourable pharmacokinetics, and encouraging experimental data for treating viral
replication and hyperinflammation, respectively.
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Abstract

The public health emergency known as the coro-
navirus disease 2019 (COVID-19), caused by the
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), has led to a large number of deaths
worldwide and major socioeconomic disruption.
To date, no broadly effective antiviral treatment
or vaccine has been developed for COVID-19. In
response to this dire situation, Ro5 deployed its
Al Lab to accelerate the search for potential treat-
ments. This report focuses on our use of the Ro5
Bioactivity model, which has been designed to
predict the inhibitory activity of small molecules
against protein targets. The model screened a vast
range of compounds in silico to uncover potential
inhibitors of the SARS-CoV-2 3CL protease. We
hereby present the most propitious candidates from
this screen. The highest-ranking molecules include
Nelfinavir, Saquinavir, Itacitinib, Kynostatin-272,
BOG-INS-6¢2-1, and BEN-VAN-d2b-11. Subse-
quent docking simulations corroborate their plau-
sibility as 3CLpro inhibitors. Nelfinavir and Itaci-
tinib hold the most promise for drug repurposing,
among all the molecules proposed herein, due to
their high predicted inhibition and affinity against
the 3CL protease, favourable pharmacokinetics,
and encouraging experimental data for treating vi-
ral replication and hyperinflammation, respectively.

1 Introduction

The coronavirus disease 2019 (COVID-19) has caused a
global health crisis [WHO, 2020b]. As of May 7 2020, more
than 3.5 million confirmed cases and almost 250,000 deaths
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have been associated with the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) [WHO, 2020a]. Coro-
naviruses are enveloped, positive-sense RNA viruses, able to
infect a range of animals species, including humans. Several
strains of human coronaviruses are known to cause acute and
chronic diseases [Weiss and Leibowitz, 2011]. SARS-CoV-2
is believed to be of zoonotic origin and closely related to bat
coronaviruses [Zhu et al., 2020].

The main 3-chymotrypsin-like protease (3CLpro) and
papain-like protease (PLpro) are the enzymes responsible for
the post-translation cleavage of the replicase polyproteins
PPla and PPlab. As an integral part of the viral reproduc-
tion process, 3CLpro cleaves the polyprotein at 11 sites into
individual functional proteins using the thiol group of the
cysteine residue, located in its active site [Muramatsu et al.,
2016]. 3CLpro is a proven drug discovery target for past
respiratory syndrome coronaviruses and is currently under
concerted study as an inhibitory target to disrupt the viral
replication process of SARS-CoV-2 [ul Qamar et al., 2020;
Sisay, 2020].

SARS-CoV-2
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Figure 1: Potential inhibitor targeting pathways. The left panel il-
lustrates the entry of SARS-CoV-2 into a host cell by binding to
the ACE2 receptor through its spike protein. This leads to clathrin-
mediated endocytosis, for which the GAK and AAK1 enzymes play
a key role. The right panel highlights the genomic organisation of
SARS-CoV-2 and a few of its important proteins. Figure created
with Biorender.com


https://Biorender.com

Figure 1 displays potential targets for the inhibition of SARS-
CoV-2, including important viral proteins necessary for its
replication process and those associated with its infection of
host cells. Hoffmann et. al. demonstrated that SARS-CoV-
2 uses the angiotensin-converting enzyme 2 (ACE2) as the
entry receptor. ACE2 is the same receptor that SARS-CoV,
the virus that caused the 2003 SARS outbreak, used for host
cell entry [Hoffmann et al., 2020]. Cyclin G-associated ki-
nase (GAK) and adaptor-associated protein kinase 1 (AAK1)
are two important kinases involved in intracellular membrane
trafficking; they were previously studied as broad-spectrum
antiviral drug targets [Schor and Einav, 2018]. By taking
the approach of inhibiting the kinases fundamental to the en-
docytosis process, BenevolentAl used their artificial intelli-
gence (Al)-derived knowledge graph to identify a group of
approved drugs that could potentially inhibit the infection of
cells by SARS-CoV-2 [Richardson et al., 2020; Stebbing et
al., 2020]. A recent review based on clinical evidence postu-
lated that Janus kinase (JAK) inhibitors could be used as im-
munosuppressants to mitigate the hyperinflammation charac-
teristic of COVID-19, as systemic inflammation is associated
with adverse outcomes [Ritchie and Singanayagam, 2020;
Russell et al., 2020].

Following the outbreak of the COVID-19 pandemic in Ja-
nurary 2020, the global scientific community, from all dis-
ciplines, has been actively researching disease treatment
and prevention. Both experimental and computational high-
throughput screenings are underway at unprecedented speed.
Diamond Light Source solved the structure of the main
protease at high resolution and conducted a crystal-based
fragment screen with 3CLpro. Of the 66 active site frag-
ments identified, 44 were covalently bound [Diamond, 2020].
This set of data allowed PostEra to initiate the Moonshot
project that crowdsources fragment-based rational designs of
molecules from chemists. Molecules selected based on syn-
thesisability and toxicity modelling will be synthesised and
subjected to experimental testing [PostEra, 2020]. Mean-
while, many academic and industrial initiatives have screened
in silico against a variety of chemical databases with the hope
of accelerating drug development for COVID-19 [Wu et al.,
2020; Contini, 2020; Teams et al., 2020; Zhavoronkov et al.,
2020]. As part of this effort, we decided to deploy the Ro5
Al Lab, which contains machine learning models for Bioac-
tivity and ADMET predictions, augmenting clinical trials and
de novo generation of new drug candidates. In this report, we
would like to offer our insight from applying Ro5’s Bioactiv-
ity model towards identifying appropriate 3CLpro inhibitors.

2 Methodology

2.1 Data Collection

Protein Targets

Testing targets included the 3CLpro, spike protein, RNA-
binding domain of the nucleocapsid phosphoprotein, PL2pro,
and a range of non-structural proteins (NSP3, 10, 12, 15).
In addition, we selected a range of proteins involved in the

cellular uptake of the virus and the hyperinflammation as-
sociated with COVID-19. These included the ACE2 spike
receptor-binding domain, AAK1 and GAK enzymes, and the
JH1 kinase domain of the JAK enzyme. Some of the larger
proteins were truncated to sequences of approximately 200
amino acids around the active site. This allowed our model to
focus on the well-studied inhibition region and ensured that
the tested target lengths were more similar to the training set
distribution. The analyses presented herein focus on 3CLpro,
a proven target for developing SARS-CoV-2 inhibitors; the
other targets screened will be subject to further research.

Compounds

In order to locate the relevant molecules and related anno-
tations in our internally curated database, we used a com-
prehensive search routine to discover information both di-
rectly and indirectly tagged to the virus entry and replication
pathways. Furthermore, we prioritised compounds possess-
ing antiviral or anti-inflammatory activity. This was incorpo-
rated into our screening dataset, which also consisted of the
drug repurposing database from the Broad Institute, the Drug-
Bank database, the crowdsourced compound designs submit-
ted to the Moonshot project, potential therapeutics proposed
by BenevolentAl and Insilico Medicine, as well as several
promising molecules suggested by the scientific community.
Preprocessing of compounds included stripping counterions
and removing duplicates. A total of 18,943 unique com-
pounds were present in the final dataset.

2.2 Machine Learning

We used Ro5’s Bioactivity machine learning model, which
was trained to predict the inhibitory activity level between a
small molecule and a protein target. The model was designed
to learn from graph representations of molecules by generat-
ing a vector to capture their chemical structure and reactivity.
Combining this with a protein representation derived from se-
quence information alone, the model arrives at a bioactivity
prediction for the pair.

A crucial feature of this machine learning model is the atten-
tion mechanism, which creates a graph-based attention map
highlighting the bonds and atoms in the molecule that the
model deems important. During the model development pro-
cess, this enables a comparison between model predictions
and the qualitative evaluation of chemists regarding the most
important areas of the molecule.

For the presented case study, the model was used to evalu-
ate all combinations of compounds and targets. The model
predictions were filtered to a set of compounds exhibiting the
desired activity level across a set of targets. Furthermore, the
molecules were ranked by their probability of inhibiting 3CL-
pro; the five highest-scoring compounds were subsequently
assessed according to their chemical and pharmacological rel-
evance. Exploratory analysis of the results allowed for the
identification of additional interesting drug candidates.



2.3 Docking

Structures of interest were covalently and non-covalently
docked into the 3CLpro using AutoDock4 and AutoDock
Vina [Morris et al., 2009; Trott and Olson, 2010]. First, the
structures of two identified ligands, kynostatin-272 (PDBe
ID: KNI) and saquinavir (PDBe ID: ROC), were obtained
from the European Bioinformatics Institute. The geome-
tries of the remaining ligands were optimised using Grimme’s
program xtb [Bannwarth et al., 2019]. Covalent docking
parameters were generated using MGLTools supplied with
AutoDock4 and AutoDockTools. Covalent AutoDock4 sim-
ulations used 10 Lamarckian genetic algorithm docking runs
centered on a grid of (65,61,61) cartesian points spaced at
0.375 A centered on the nucleophilic cysteine 145 (CYS145).
AutoDock Vina simulations were exhaustively run in a 30 A
grid box centered on the CYS145.

3 Results

By predicting the probability of inhibitory activity between
molecules and the target, our model identified several com-
pounds highly likely to be 3CLpro inhibitors. The top five
ranked molecules overall are presented in Table Al.

One of the molecules, DB07964, is an inhibitor of the en-
dogenous disintegrin and metalloproteinase 17 (ADAM17).
Evidence suggests that ADAM17 cleaves and thereby medi-
ates shedding of the ACE2 ectodomain, leading to a reduction
in cellular ACE2 [Grobe et al., 2015]. Since SARS-CoV-2
binds to the ACE2 receptor during infection [Hoffmann er
al., 2020], ADAM17 might play a natural role in decreasing
coronavirus-ACE2 complexes and consequently hindering vi-
ral entry. Cellular experiments suggest that ADAM17 and
transmembrane protease serine 2 (TMPRSS2) compete for
ACE2 cleavage and only proteolysis by TMPRSS2 promotes
spike protein-driven entry [Levin et al., 2006]. Therefore, an-
tagonism of ADAM17 would be unfavorable for a COVID-
19 treatment. As a consequence, DB07964 and its analogue,
Apratastat, which possesses the same ADAM17-binding moi-
ety, hydroxamate, were excluded from further analyses.

This report thus focuses on three candidates from the top five
overall ranked compounds. Itacitinib, one of these molecules,
is an anti-inflammatory drug that recently fell short of meet-
ing its primary endpoint for the treatment of acute graft-
versus-host disease (GVHD) in phase 3 clinical trials. The
two remaining candidates are novel compounds that were
proposed through generative modelling and fragment-based
lead discovery. In addition, we report three, among several,
noteworthy compounds from the top 5% of the dataset, by
examining their structure-activity relationship and compar-
ing them to the Diamond’s ligand screening results. These
include Nelfinavir and Saquinavir, two HIV drugs that have
been approved for market, and Kynostatin-272, an HIV pro-
tease inhibitor that was found to be inadequately efficacious
as an HIV therapeutic after phase 1 clinical trials.

These six molecules were then subjected to docking against
the main protease of SARS-CoV-2. Four of the proposed

compounds contain amide linkages and are either a polypep-
tide or a peptidomimetic. Other common fragments and
protein-ligand interactions will provide insight to further op-
timise the lead compounds. Herein, we report the potential
binding poses of these compounds and their available phar-
macological data.

3.1 Highest-scoring compounds

BOG-INS-6¢2-1

Figure 2: BOG-INS-6¢2-1 molecule with an overlaid attention map.
The Ro5 Bioactivity model focused on the oxygen and chlorine of
the alpha-chloroketone, the fluorines, and the hydroxyl group.

Insilico Medicine used their fragment-based generative
model to generate and optimise plausible lead candidates
[Zhavoronkov et al., 2020]. One of their proposed molecules
ranked highly according to our model. This compound (Fig-
ure 2) contains an alpha-chloroketone moiety, which is a frag-
ment known to undergo nucleophilic substitution by sulphur,
making it possible to form a covalent bond with CYS145 at
the active site of 3CLpro. Non-covalent docking revealed that
the inolizine inserts deeply into the binding pocket with a
moderate binding affinity of -7.8 kcal/mol (Figure A6). The
fluorine may also form a strong halogen-pi interaction with
His41. As in the non-covalent docking simulations, the co-
valent docking simulations, where the alpha-chloroketone re-
acts to form a thioate linkage (Figure A7), show a weak hy-
drogen bond between the phenol and the Glul66 backbone.
Autodock4 predicts this binding pose to have a poor binding
affinity of +11.2 kcal/mol.

We applied the in-house Ro5 ADMET prediction tools to
analyse BOG-INS-6¢2-1, since no experimental data is avail-
able for this compound. Our model predicted that the com-
pound should have good cell permeability based on Caco-2
cell line predictions and that it is not a P-gp substrate, in
line with prediction results from SwissADME [Daina et al.,
20171.

Itacitinib

Itacitinib (Figure 3), a Janus-associated kinase inhibitor, se-
lective towards JAK-1, has been tried against melanoma,
endometrial cancer, B-cell malignancies, and more recently
against GVHD [Im ez al., 2019]. The JAK-STAT signalling
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Figure 3: Itacitinib molecule with an overlaid attention map. The
attention map shows that the Ro5 Bioactivity model focused on parts
of the heteroaromatic rings and the carbon of the trifluoromethyl

group.

pathway plays an important role in the host inflammatory re-
sponse. Our model predicts that Itacitinib could be a potent
3CLpro inhibitor. By targeting both 3CLpro and JAK, Itaci-
tinib could potentially disrupt the viral replication process of
SARS-CoV-2 and also reduce the damaging inflammatory re-
sponse that is observed in the later, more severe stages of the
disease, where patients suffer from the consequences of hy-
perinflammation [Richardson et al., 2020]. Interestingly, our
model ranked Itacitinib to more actively inhibit 3CLpro than
would Baricitinib, a marketed JAK inhibitor recently pro-
posed as a potential COVID-19 treatment by Benevolent AI’s
knowledge graph [Stebbing et al., 2020]. Akin to Baricitinib,
the Ro5 model also predicts that Itacitinib is likely to have
inhibitory activity against GAK and AAK1, suggesting that it
could potentially be a virus uptake inhibitor as well. Detailed
docking studies and in vitro testing are needed to confirm its
mechanism of action. Furthermore, it should be noted that
the JAK-STAT pathway is also involved in the body’s natural
antiviral response; thus, caution must be taken when modu-
lating the JAK protein. Results from ongoing clinical studies
will help ascertain whether the JAK-STAT pathway is indeed
a promising target for treating COVID-19.

Based on studies of nitrile-containing inhibitors, Itacitinib
could potentially act as a covalent inhibitor against 3CLpro
[Furber er al., 2014]. Non-covalent docking (Figure A3)
shows a favourable binding affinity of -8.3 kcal/mol. It should
be noted that the electrophilic nitrile is positioned next to
the nucleophilic cysteine, which could lead to covalent bind-
ing. The CF; forms electrostatic interactions with Thr25 and
Ser46. The covalent docking simulations, where the nitrile
and cysteine react to form a thioimidate adduct (Figure A4),
predict a binding affinity of —5.6 kcal/mol. In the covalently
docked structure, the piperidine and pyridine extend from the
binding pocket, whereas the indole nitrogen forms a hydrogen
bond with Tyr54. Remarkably, Itacitinib was independently
proposed by another drug repurposing screening study due
to the its potential as a nitrile covalent inhibitor [Liu er al.,
2020]; however, the molecule was not tested in vitro.

BEN-VAN-d2b-11

One of the compounds (Figure 4) submitted to the Moon-
shot project ranked highly according to the Bioactivity model.
Brown et al. generated linkers to combine fragments dis-

Figure 4: BEN-VAN-d2b-11 molecule with an overlaid attention
map.The Ro5 Bioactivity model focused on the oxygens of the
acetylacetamide group, the fluorines, and the ether linkage.

covered by Diamond’s crystal-based screening [Brown and
Meiler, 2020]. The compounds were optimised, scored, and
filtered based on interaction poses and predicted physico-
chemical properties [Brown and Meiler, 2020]. Docking re-
sults showed a -6.9 kcal/mol binding affinity, where the acety-
lacetamide forms a hydrogen bond with the Glu166 backbone
and the ether chain inserts deeply into the active site pocket
(Figure A8). This compound has potential to be a covalent in-
hibitor due to the presence of a Michael acceptor moiety and
an aromatic nitrile functional group. Covalent docking simu-
lations, where the acrylamides react to form a sulfide linkage
(Figure A9), show a weak hydrogen bond between the pyri-
dine and the Glul66 backbone. The binding affinity of this
pose is predicted to be -2.2 kcal/mol. Our ADMET predic-
tions suggest that the compound is unlikely to be a P-gp sub-
strate and that it has low cell permeability. SwissADME pre-
dicts the molecule to be a P-gp substrate with low cell perme-
ability. Furthermore, our microsomal clearance model pre-
dicted the compound to have a high hepatic clearance, which
would render it unfeasible for clinical development, if indeed
verified by in vitro testing.

3.2 Noteworthy compounds

Considerable effort has gone towards evaluating the suitabil-
ity of repurposing existing antiviral drugs towards COVID-
19 treatment. Moreover, another widely studied enveloped,
positive-sense RNA virus is the Human Immunodeficiency
Virus (HIV). If left untreated, HIV can lead to acquired
immunodeficiency syndrome (AIDS). Several potent HIV
drugs are on the market, including Atazanavir, Ritonavir, and
Lopinavir/Ritonavir. Use of Lopinavir/Ritonavir for treat-
ment during the outbreak in China sparked wide interest
globally. A later randomised controlled trial, however, con-
cluded that no benefit was observed in hospitalised adult pa-
tients with severe COVID-19 [Cao et al., 2020]. Preliminary
results from a retrospective, single-center case study con-
ducted in Hangzhou, China has shown that the combination
of Lopinavir/Ritonavir, interferon, and arbidol could be an ef-
fective antiviral therapy, especially for common cases of the
disease in adults [Yu et al., 2020]. Therefore, HIV drugs are



of particular interest to us and three HIV drugs from the top
5% of the screened dataset were selected for further analysis.

Nelfinavir
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Figure 5: Nelfinavir molecule with an overlaid attention map. The
attention map shows that the Ro5 Bioactivity model focused on the
hydroxyl groups, oxygens of the amide linkages, and the ferz-butyl

group.

Nelfinavir (Figure 5) is a marketed antiretroviral drug with
activity against HIV Type 1 (HIV-1). It binds to the HIV-
1 protease active site and thereby inhibits the activity of the
enzyme. By blocking the cleavage of the gag-pol polypro-
tein, the virion maturation process is hindered, resulting in
immature non-infectious viral particles [Bardsley-Elliot and
Plosker, 2000]. Subsequent docking analyses revealed a -7.1
kcal/mol binding affinity. The favourable interactions (Figure
Al) include a hydrogen bond between the nitrogen of tert-
butylacetamide and the His164 backbone amide oxygen, a
hydrogen bond between the phenol group of Nelfinavir and
the backbone of Thr24, as well as a weak pi—pi stacking with
the neighboring phenyl sulfane of Nelfinavir. The hydropho-
bic tert-butyl moiety inserts deeply into the binding pocket,
further stabilising the binding pose.

Recent studies subjected Nelfinavir to experimental testing
against SARS-CoV-2 in the VeroE6/TMPRSS2 cell line.
Data from several independent groups identified Nelfinavir
as a potent replication inhibitor of SARS-CoV-2 and showed
that Nelfinavir protected cell viability twentyfold compared
to the untreated control group [Xu er al., 2020; Ohashi et
al., 2020]. This is consistent with the predictions of the Ro5
Bioactivity model, as well as the docking results. Nelfinavir
showed promising in vitro data with EC50 and EC90 values
of 1.13 uM and 1.76 uM, respectively, which was the high-
est efficacy observed out of all nine HIV protease inhibitors
tested, including lopinavir [Yamamoto et al., 2020]. These
results, coupled with a selective index (SI) of 12.99 and a suit-
able serum concentration (Cmax/EC50 = 6.23, Ctrough/EC50

= 3.43) make Nelfinavir a potential drug candidate to treat
COVID-19.

Saquinavir

Figure 6: Saquinavir molecule with an overlaid attention map. The
attention maps shows that the Ro5 Bioactivity model focused on the
oxygens of the amide linkages, the hydroxyl group, and the ferz-
butyl group.

Saquinavir (Figure 6) is an HIV-1 and HIV-2 protease in-
hibitor that ranked highly in our inhibitory activity model.
Docking shows a binding affinity of -9.3 kcal/mol, the
strongest binding among the six compounds. The binding site
(Figure A2) is highly hydrophilic leading to many electro-
static interactions. Decahydroisoquinoline points into a hy-
drophobic pocket. Quinoline extends outwards from the pro-
tein cleft and is exposed to the solvent environment, which
reduces binding stability. The plausible cation-pi interaction
between toluene and HIS41 contributes to stabilise the com-
pound in the binding site. Similar to Nelfinavir, the toluene
moiety resides deep within the the pocket.

Saquinavir was one of the drugs tested by Yamamoto et al.,
among eight other HIV protease inhibitors [ Yamamoto et al.,
2020]. Despite its relatively high efficacy against SARS-
CoV-2 in vitro (EC50 = 8.83 uM) and its high predicted bind-
ing affinity to 3CLpro, the low serum concentration in vitro
(Cmax/EC50 = 0.73) suggests that Saquinavir is a less suit-
able drug candidate than Nelfinavir.

Kynostatin-272

Kyostatin-272 (KNI-272, Figure 7) is a transition-state
mimetic tripeptide inhibitor of the HIV-1 protease. Despite
demonstrating promising inhibitory activity in vitro and a
suitable serum concentration, KNI-272 showed insufficient
clinical activity in phase I clinical trials [Humphrey et al.,
1999]. The low in vivo activity was attributed to the unfavor-
able pharmacokinetics of KNI-272, since it is likely to be 98-
99% protein-bound in the circulating blood. Retrospectively,
our microsomal clearance ADMET model predicted a rela-
tively high clearance value for KNI-272, coinciding with the
fact that KNI-272 is metabolized by hepatic P450 enzymes.
Docking predicted a -7.1 kcal/mol binding affinity, for which
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Figure 7: KNI-272 molecule with an overlaid attention map. The
attention map shows that the Ro5 Bioactivity model focused on the
oxygens of the amide linkages, the hydroxyl group, the tert-butyl
group, and the sulphurs.

the main interactions include a hydrogen bond and hydropho-
bic interactions (Figure AS).

4 Discussion

The Bioactivity machine learning model of the Ro5 AI Lab
uses protein sequence information alone to derive a vector
representation of the target. This allowed us to test novel
targets without the explicit input of structural information,
eliminating the need for computationally expensive homol-
ogy modelling or labour intensive crystallography. This en-
ables a fast response towards drug repurposing as well as
novel drug discovery. Repurposing unsuccessful drug candi-
dates that have gone through several stages of clinical trials is
a valuable approach; these candidates will typically have doc-
umented pharmacokinetic data and safety information. Test-
ing them against a novel disease may accelerate the drug de-
velopment process and lower costs.

Saquinavir and Kynostatin-272, two molecules that effica-
ciously target and inhibit HIV proteases, were shown to
be suitable inhibitors against 3CLpro of SARS-CoV-2, ac-
cording to our Bioactivity model and subsequent docking
analyses. Notwithstanding, their pharmacokinetic disadvan-
tages make them less viable drug candidates compared to our
highest-scoring molecules.

BOG-INS-6¢2-1 and BEN-VAN-d2b-11, the two novel com-
pounds identified by the Bioactivity model, were also demon-
strated to be plausible inhibitors of 3CLpro. This supports
the notion that our model can reliably predict the efficacy and
affinity of unseen molecules against an unseen target protein.
However, since they are completely novel compounds, it is
unrealistic to develop them within the short window of time
necessary to tackle the current COVID-19 public health emer-

gency.

In the current crisis, the most appropriate drug candidates are
those that allow for speed and ease of both production and
patient prescription. Nelfinavir is a clinically approved drug,
and Itacitinib has passed the first two phases of clinical trials,
giving the two the capacity to be repurposed in a relatively
short period of time. Furthermore, they exhibit high predicted
inhibition and affinity against the 3CL protease, favourable
pharmacokinetics and encouraging experimental data for pre-
venting viral replication and hyperinflammation, respectively,
in COVID-19 patients.

5 Conclusion

Although the pandemic appears to be stabilising in some
countries, several areas are experiencing a resurgence in
COVID-19 cases [WHO, 2020a]. This volatility, combined
with a lack of evidence for immunity after infection by the
virus [GM, 2020] and the long wait until a vaccine can be
made available, makes finding a treatment for this disease the
urgent priority.

Our Bioactivity model enabled us to independently identify
clinically viable drug repurposing candidates, corroborated
by other computational and experimental publications. Fur-
thermore, two novel compounds are predicted to be 3CLpro
inhibitors, and we presented their predicted pharmacology.
In the urgent quest to identify drug candidates that can im-
prove outcomes for COVID-19 patients and prevent the fur-
ther spread of the disease, we hope these findings bring in-
sight and speed.
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6 Appendix

Figure A2: Docking pose of Saquinavir in 3CL protease active
Figure Al: Docking pose of Nelfinavir in 3CL protease active site. Non-covalent docking predicted the binding affinity to be -9.3
site. Non-covalent docking predicted the binding affinity to be -7.1 kcal/mol.

kcal/mol.

Figure A3: Docking pose of Itacitinib in 3CL protease active
site. Non-covalent docking predicted the binding affinity to be -8.3
kcal/mol.
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Figure A4: Covalent docking pose of Itacitinib in 3CL protease ac- Figure A6: Docking pose of BOG-INS-6¢2-1 in 3CL protease active
tive site. Covalent docking predicted the binding affinity to be -5.6 site. Non-covalent docking predicted the binding affinity to be -7.8
kcal/mol. kcal/mol.

Figure AS: Docking pose of KNI-272 in 3CL protease active Figure A7: Covalent ocking pose of BOG-INS-6¢2-1 in 3CL pro-
site. Non-covalent docking predicted the binding affinity to be -7.1 tease active site. Covalent docking predicted the binding affinity to
kcal/mol. be +11.2 kcal/mol.
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Figure A8: Docking pose of BEN-VAN-d2b-11 in 3CL protease ac-
tive site. Non-covalent docking predicted the binding affinity to be
-6.9 kcal/mol.
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Figure A9: Covalent docking pose of BEN-VAN-d2b-11 in 3CL
protease active site. Covalent docking predicted the binding affin-
ity to be -2.2 kcal/mol.
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Table Al: The five molecules with the highest probability of being active inhibitors of 3CLpro according to the Bioactivity model. The

common name of the drug is included where available.

Ranking Accession Name SMILES
1 BOG-INS-6¢2-1 0=C(CCIHN1CCN(C2(c3cc(C#Cedece(F)ccdO)cdece(F)en34)CC2)[C@HJ2CC21
2 CHEMBL3622820 Itacitinib N#CCC1(n2cc(-c3nenc4[nH]cec34)en2)CN(C2CCN(C(=0)c3cenc(C(F)(F)F)c3F)CC2)C1
3 DB13020 Apratastat  CC1(C)SCCN(S(=0)(=0)c2cec(OCCHCCO)ce2)[C@H] 1 C(=0)NO
4 BEN-VAN-d2b-11 C=CC(=0)NC(=0)[C@H]1CCC[C@H]lclcsceINe1c(F)e(NCCOC)ne(F)c 1 CHN
5 DB07964 CC#CCOccec(S(=0)(=0)N2CCSC(C)(C)[C @ @H]2C(=0)NO)cc
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